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What is claimed is: 
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A method of implementing a digital communications link connecting a digital 



controller section of an xDSL n 
computing system, to a separate 



odem, located on a system motherboard of a 
analog sectipn of the xDSL modem, located at a 



position which is substantially f ee of electronic noise from other electronic 



components on said motherboar 



which could significantly affect the overall 



operation of such said xDSL mo iem, said method comprising the steps of: 

(a) providing a plurality ( f receive signal lines for communicating data 
from a remote xDSL moc em; 

(b) providing a plurality <jf transmit signal lines for communicating data to 
a remote xDSL modem; 

(c) providing a bit clock i ignal line for carrying a clock signal, which 
clock signal is used in co inection with communicating said data to and 
from said remote xDSL nodem; 

(d) providing a word clocik^ignal to mark the boundary for a sample word 

said plurality of receive signal lines and 
lines. 



received or transmitted^ o 
plurality of transmit sign d 



The method of claim 1, further ii eluding a step (e): providing a reset signal to 
reset the analog section of the xE SL modem. 

< t least four (4) signal lines are used for said 
i) separate signal lines are used for said transmit 



The method of claim 1, wherein i 
receive signal lines, and at least ! 
signal lines. 

The method of claim 1, wherein t[ie word clock has a cycle consisting of at least 
four (4) bit clock cycles, with the first cycle being a first value and the remaining 
cycles being a second value 
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5. The method of claim 1 , wherein {said receive and/or transmit signal lines can also 
be used for implementing an embedded operation channel within said receive 



and/or transmit signal lines, said 
control signals embedded in both 
xDSL modem. 



embedded operation channel consisting of 
transmit and receive directions for use by the 



4: 



The method of claim 4, wherein <k least one (1) bit per word clock cycle is used to 
carry control signals. 

The method of claim 5, wherein £ach control signal can have either a first or 
second length 

The method of claim 5, wherein 
followed by a length bit, then b; 
between control signals. 
The method of claim 1, further 



each control signal begins with a start bit, is 

a set of command bits, and then idle bits are sent 



ncluding a step: providing a multi-channel data 
frame, said multi-channel data frame having at least two data channels, and 
wherein data is transferred through a first channel during a first time period of 
said multi-channel data frame, aShM though a second channel during a second time 
period of said multi-channel dj^nrame. 

The method of claim 9, whereinjthe number of channels in the multi-channel data 
frame is programmable. 

The method of claim 9, wherein |he word clock consists of at least four (4) bit 
clock cycles. 

The method of claim 1 1, whereinlsaid same word clock signal is used to mark the 
boundary of each multi-channel data frame by having a predetermined value for 
two bit clock cycles at the frame t eginning and said word clock signal has said 
predetermined value for only one )it clock cycle for each word beginning in the 
rest of the frame. 

The method of claim 1, wherein s lid same receive and/or transmit signal lines can 
also be used to support a data inte face between said digital controller and a 
hardware or DSP based xDSL mo iem. 
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The method of claim 13, whereip the data interface is logically equivalent to a 

aid hardware or DSP based xDSL modem also 



Utopia I and/or II interface and i 
can perform an ATM transport convergence (TC) function. 



The method of 14, wherein an 
control proper operations o 



ibedcl&d operation channel (EOC) is used to 
£rdware or DSP based xDSL modem. 
The method of claim 1, wb^3fein^aid bit clock signal is based an external master 
clock operated at a frequency required by said xDSL modem. 



-24- 



17. 



10 



25 



18. 



15" 19. 



20. 



20 21. 



22. 



23. 



.communications protocol for transmitting data on an xDSL digital 
communications link between a digital controller and an analog codec located 
withi\a personal computer system, said protocol comprising the steps of: 

a) generating an xDSL bit clock and a separate xDSL word clock adapted 
fondata transmission requirements of said analog xDSL codec; 

(b) communicating data words between the digital controller and analog 
codec at a rate corresponding to said xDSL bit clock; 

(c) communicating operational and/or control information embedded 
within saidslata words during said word clock period; 

wherein both operational and/or control information and data can be 
simultaneously exchanged between the digital controller and the analog codec. 
The protocol of claim 17, wherein said operational and/or control information 
includes information relating^to real time control settings for circuits located 
within the analog codec. 

The protocol of claim 18, wherek said operational and/or control information 
further includes information relating to power management for an xDSL modem. 
The protocol of claim 19, wherein said operational and/or control information 
consists of control data words that are transmitted asynchronously with respect to 
data words. 

The protocol of claim 20, wherein said operational and/or control information 
consists of a control data word, and wherein asstart bit is used within said 
operational control information to indicate the beginning of a valid control data 
— ■ 



The protocol of claim 17, wherein said 
information are communicated over a 
The protocol of claim 22, further wh 
between the digital controller and an 



data words and operational and/or control 
Hjgle set of data lines. 

ultiple data channels are operated 
v :odec on said single set of data lines. 
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The protocol of claim 23, wherei 1 said xDSL word clock has a first duration for 
data communications in said first data channel, and a second duration for data 
communications in said second d ita channel. 

The protocol of claim 17, whereii the digital controller section is located on a 
system motherboard of a computi ig system, and the analog codec is located at a 
position which is substantially fre$ of electronic noise from other electronic 
components on said motherboard ^hich ^pould significantly affect the overall 
operation of such xDSL modem. 

The protocol of claim 17, fiirth^intfluding a step of transmitting embedded 
control information from the digit il controller to the analog codec indicating loss 



of power in the personal computer 



system. 
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k communications protocol for transmitting data on an xDSL digital 
communications link between a digital controller and a plurality of analog codecs 
occupying a plurality of respective data channels within a personal computer 
systemw said protocol comprising the steps of: 

(a^ generating an xDSL bit clock and a separate xDSL word clock adapted 
for oata transmission requirements of the plurality of analog xDSL codecs; 
(b) corfomunicating data words between the digital controller and the 
plurality\of analog codecs during said xDSL word clock; 
(c) grouping multiple data words in a data frame to support the plurality of data 
channels and/or different accumulated data rates between transmit and receive 
directions for one or ntore of the plurality of analog codecs. 

The protocol of claim 27, wherein said word clock signal is used to mark the 
boundary of each multi-chamael data frame by having a predetermined value for 
two bit clock cycles at the frame beginning, and said word clock signal has said 
predetermined value for only one\bit clock cycle for each word beginning in the 
rest of the frame. \ 

The protocol of claim 27, wherein operational and/or control information for each 
of said plurality of codecs is embeddecNn data words communicated through the 
plurality of data channels. \ 

The protocol of claim 29, wherein said operational and/or control information 
consists of control data words that are transmitted asynchronously with respect to 
data words. \ 

The protocol of claim 27, wherein the digital comroller section is located on a 
system motherboard of the computing system, and the analog codec is located at a 
position which is substantially free of electronic noisesfrom other electronic 
components on said motherboard which could materiallVaffect the operation of 
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A method of implementing a di§ ital communications link within a personal 
computer system, comprising th< ; steps of: 

(a) providing a plurality of receive signal lines, said receive signal lines 
being configurable such tpat data can be received by a digital controller 
from an analog codec an<H/or a hardware or DSP based xDSL modem with 

an ATM interface; \ 

l 

(b) providing a plurality of transmit signal lines, said transmit signal lines 
being configurable such that data can be transmitted by a digital controller 
to an analog codec and/or a hardware or DSP based xDSL modem with an 
ATM interface; 

(c) providing a clock signal line, said clock signal line carrying a clock 
signal adapted for data transfers associated with an analog codec and/or a 
hardware or DSP based x DSL modem with an ATM interface; 

(d) providing a data transier protocol such that data transfers over said 
digital communications link can include conventional xDSL codec 
samples and/or ATM cell lata. 

The method of claim 32, wherein/ raid Mm interface is logically equivalent to an 
ATM Utopia I and II interfaces.?, A 

The method of claim 33, whereiji he digital controller section is located on a 
system motherboard of the person d computer system, and the analog codec is 
located at a position which is substantially free of electronic noise from other 
electronic components on said motherboard which could materially affect the 
operation of such analog CODEC. 1 

The method of claim 32, wherein slid digital communications link supports a 
plurality of data channels by time division multiplexing data transfers using a 
word clock signal related to said clcck signal. 

The method of claim 32, wherein o ^rational and/or control information for said 

3ased xDSL modem can be embedded in data 
rality of receive and transmit signal lines. 



analog codec and/or hardware/DSP 
words communicated through the p 
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37. Asjligital controller for use with an xDSL capable modem comprising: 
means for processing xDSL formatted data and control signals; and 

[ii] means for generating control signals associated with maintaining an xDSL 
compatible data link; and 

[iii] a digkal interface for coupling the digital controller to an analog codec 
associated with said xDSL compatible modem and, said digital interface being 
configured such that: 

[i] a plurality of receive lines can be used for receiving xDSL data; and 

[ii] a plurality of transmit lines can be used for transmitting xDSL data; 

[iii] a bit clock signal line can be used for carrying a bit clock signal 
adapted for an xDSL compatible data link; and 

[iv] a word clock signal can be used for clocking xDSL data words; and 

[v] an embedded comrol channel is provided so that said control signals 
can be passed betweerksaid digital controller and said analog codec 
sections of said xDSL capable modem using said plurality of receiving 
lines and/or said plurality qf transmitting lines; and 

wherein said digital controller is adapted to be physically placed on a computer 
motherboard. 

38. The digital controller of claim 37, wherein\aid control signals are asynchronously 
transmitted with respect to said xDSL data wVds. 

39. The digital controller of claim 37, wherein saicMigital interface can handle a multi- 
channel data frame, said multi-channel data frame having at least two data channels, 
and wherein data can be transferred through a first Channel during a first time period 
of said multi-channel data frame, and through a second channel during a second time 
period of said multi-channel data frame. 

40. The digital controller of claim 37, wherein said control signals relate to real time 
control settings for circuits located within the analog code 

41. The digital controller of claim 37, wherein said control sign^s relate to power 
management forthc - xDSL capable modem . 



4 
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eceived using a first plurality of receiving lines; 
transmitted using a second plurality of 
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42. An analog codec for use with an x DSL capable modem comprising: 

[i] line interface circuitry for a mpling to a data channel carrying analog data 
signals corresponding to xDSL formatted data and control signals; and 

[ii] circuitry for performing A/I i and D/A operations on said analog data signals 

>ntrol signals respectively; and 

[iii] a digital interface for interfacing to a digital controller located on a computer 
motherboard, said digital interface being configured such that: 

[i] xDSL data signals are 
and 

[ii] xDSL data signals ari i 
transmitting lines; and 

[iii] a bit clock signal adi pted for an xDSL compatible link can be used by 
the digital interface; and 

[iv] a word clock signal c an be used for clocking xDSL data words; and 

[v] an embedded control :hannel for passing control information between 
said digital controller anc said analog codec sections of said xDSL capable 
modem can be implemeyi dousing either or both said plurality of receiving 
and/or transmit lines^^rjd n 

wherein said codec is adapted tc be physically separated from said digital 
controller, and placed at a positiom which is substantially free of electronic noise 
from other electronic componentslon said motherboard which could materially 
affect the operation of such CODEC. 

43. The codec of claim 42, wherein said control information's transmitted 
asynchronously with respect to said xE SL data words. 

44. The codec of claim 42, wherein said di ;ital interface can handle a multi-channel data 
frame, said multi-channel data frame having at least two data channels, and wherein 
data can be transferred through a first c lannel during a first time period of said multi- 
channel data frame, and through a second channel during a second time period of said 
multi-channel data frame. 
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45. The codec of claim 42, wherein saidj*control information relates to real time control 
settings for circuits located within tte analog codec and/or analog front circuitry 



associated with the xDSL capabli 



sm. 



46. The codec of claim 42, wherein^ \if Control information relates to power management 
for the xDSL capable modem. 
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47. An xDSL compatible modemkomprising: 

(A) a digital controller, sa|d digital controller being adapted so that it can be 
placed physically on a computer motherboard and further including: 

[i] means for processing xDSL formatted data and control signals; and 
5 (B) an analog codec, said analog codec being adapted to be physically separated 

from said digital controller at a distance sufficient to be substantially free of 
electronic noise generated by said motherboard, said analog codec further 
including: 

[i] line interface circui ry for coupling to a data channel carrying analog 
10 data signals corresponding to said xDSL formatted data and control 

signals; and 

[ii] circuitry for performing A/D and D/A operations on said analog data 
signals and xDSL formatted data and control signals respectively; and 

(C) a digital interface for coupling sai^ digital controller and analog codec, said 
15 digital interface including: 

[i] a plurality of xDSjQldfita receiving lines; and 

[ii] a plurality of x0SLJdata transmitting lines; and 

[iii] a bit clock signal anq a word clock signal adapted for an xDSL 
compatible link; and 

20 [iv] means for providing al control channel data in said xDSL compatible 

link between said digital controller and said analog codec sections of said 
xDSL modem 

48. The modem of claim 47, wherein said inalog codec is located on a riser card which is 
configured to be mounted substantially perpendicular to said motherboard. 

25 49. The modem of claim 47, wherein said digital controller is implemented in part in 
software by host processor located on said motherboard. 
50. The modem of claim 47, wherein the receive and/or transmit signal lines can also be 



used for carrying an embedded control w&rd for use by the xDSL modem. 
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51. The modem of claim 50, wherein said embedded control words can have either a first 
or second length. 

52. The modem of claim 5 1 , wherein a separate data bit of a data word is used for said 
embedded control word, and sain separate data bit is carried on each of said plurality 

5 of receive signal lines and/or transmit signal lines during the duration of at least one 
bit clock signal. 

53. The modem of claim 47, further wherein said word clock signal marks the boundary 
for each sample word received or ransmitted on said plurality of receive signal lines 
and/or plurality of transmit signal ines respectively. 

10 54. The modem of claim 47, wherein i t least four (4) signal lines are used for said receive 
signals, and at least (4) separate si{ jial lines are used for said transmit signals. 

55. The modem of claim 47, wherein tie word clock signal has a cycle consisting of at 
least four (4) bit clock cycles, with (the first cycle being a first value and the remaining 
cycles being a second value. 

56. The modem of claim 55, wherein a^ least one (1) bit per word clock cycle is used to 
carry control signals. 
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control signal begins with a start bit, is 
jtbf command bits, and idle bits are sent between 



57. The modem of claim 56, wherei 
followed by a length bit, then 
control signals. 

58. The modem of claim 47, further whetein said digital interface uses a multi-channel 
data frame, said multi-channel data qame having at least two data channels, and 



wherein data is transferred through a 
multi-channel data frame, and through 
of said multi-channel data frame. 
59. The modem of claim 47, wherein saic 



60. The modem of claim 59, wherein saic 
xDSL modem is logically equivalent 



irst channel during a first time period of said 
a second channeTHuring a second time period 

receive and/or transmit signal lines can also be 



used to support a compatible data interface for an ATM based hardware xDSL 
modem. 



data interface for the ATM based hardware 
Utopia I and EL 
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61. m a motherboard for use in a personal computing system, and which system is 
configured to treat a high speed xDSL capable modem as a motherboard device, the 
improvement comprising: 

(A) a digital controller associated with the high speed modem, said digital 
controller being located physically on the motherboard and including: 

Vi] circuitry for processing xDSL formatted data and control signals; and 
(B) an arialog front end circuit associated with the high speed modem, said analog 
front end circuit being electrically coupled but physically separated from said 
digital controller, said analog front end circuit including: 

[i] line\nterface circuitry for coupling to a data channel carrying analog 
data signals corresponding to said xDSL formatted data and control 
signals; ank 

[ii] circuitry rbr performing A/D and D/A operations on said analog data 
signals and xDSL formatted data and control signals respectively; and 

(C) a digital interface fV coupling said digital controller and analog front end 
circuit, said digital interface^ including: 

[i] a plurality of xDSk data receiving lines; and 

[ii] a plurality of xDSL data transmitting lines; and 

[iii] a clock signal adapted, for an xDSL compatible link; and 

[iv] an embedded control channel data in said xDSL compatible link; 
wherein said digital interface suppoVs an xDSL compatible data link between 

said digital controller and said analog front end circuit. 

62. The motherboard of claim 61, wherein said analog fronTend circuit is located on a 
riser card which is configured to be mounted substantially perpendicular to the 
motherboard. \ 

63. The motherboard of claim 61, wherein said digital controller is controlled in part in 
software by a host processor located on the motherboard. 
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64. The motherboard of claim 61, further wherein said digital interface uses a multi- 
channel data firame, said multi-channel data frame having at least two data channels, 
and wherein data^is transferred through a first channel during a first time period of 
said multi-channel dk^frame, and through a second channel during a second time 
period of said multi-chanri&ldata frame. 

(55. The motherboard of claim 61,\herein said receive and/or transmit signal lines can 
also be used to support an ATM imsrface for a hardware based xDSL modem. 

66. The motherboard of claim 61, wherein saki ATM interface is a Utopia I and/or II 



